IN presenting for your consideration the subject of stereoradiography, I wish especially to call your attention to its application to the field of internal nmedicine, and particularly to its value in the diagnosis of pathological conditions of the alimentary tract. Within a few months after Rontgen's first publications on the X-ray, Mach [13] had succeeded in producing stereoradiograms, and in 1897 Levy-Dorn [12] published an extended consideration of the value of the stereoscopic method in surgical conditions. Marie and Ribaut [14], Mackenzie Davidson [3], Walshamn [20], Hildebrand [8], Eijkman [6], and Walter [21] did extensive experimental and practical work in stereoradiography, and the writings of these men constitute almost the entire literature of this subject for the next decade.
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During the early years the apparatus provided for Rontgen workers did not permit of sufficiently rapid exposures to allow stereoradiographic plates of parts subject to the changes of position and relation incident to the movements of respiration. The principal value of stereoradiographic work was in studying the extremities, in anatomical researches, and especially in the localization of foreign bodies.
With improvements in the generating apparatus and the manufacture of better tubes came the widening of the sphere of usefulness of the new method to include examination of the organs of the trunk. Substantial aids to accurate work were (a) the device by Hildebrand of the tunnel-plate changer, enabling exact placing of the second plate in the position of the first; and (b) the addition to tube stands of mechanical contrivances for accurately adjusting the tube.
Still more recent years have brought us powerful induction coils, larger static machines, and interrupterless apparatus, faultless intensifying screens, and automatic devices for shifting tube and plate, so that it is now possible to secure a pair of stereoscopic plates, even of the abdomen, within a single swing of a metronome beating seconds.
74
Case: Stereoradiography of the Alimentary Tract
As the improved apparatus became available, the use of the stereoradiographic method was extended to radiography of the thorax, probably first by Walsham, who published a pamphlet on this subject as far back as 1899; then to the bladder and urinary tract, notably by Caldwell [2] in America and Morgan [16] in England. At first the disturbances due to'the movements of respiration interfered with the perfection of the stereoscopic effect, but the advent of instantaneous radiography soon made possible such beautiful stereoradiograms of the chest as have been exhibited by Wenckebach [22] , Hickey [7] , Charles Lester Leonard [10] , Beck [1] and others [9] [5] [19] within the last three or four years.
There still remained the field of stereoradiography of the stomach and intestines, where success in perfection of stereoscopic effect seemed less likely of attainment. These are organs, the form and position of which are modified, not only by respiratory movement, but by involuntary movements of their own, which, in the stomach at least, completely change the picture within two or three seconds. Here speed is essential; shorter exposures and still more expeditious change of plate and shifting of tube must be attained in order that the dual shadow may be registered before the rapidly moving peristaltic contractions produce fatal distortions. But by means of the new appliances it became possible to make the two plates, even of deep-lying organs, within a period of time so short that the positions represented are essentially identical.
To Dr. Charles Lester Leonard [11] , of Philadelphia, belongs the credit of first successfully producing stereoradiograms of the stomach and intestine. The pair of stereoradiograms of the stomach and of the case of obstruction of the small intestine which appeared in the Archives of the BRntgen Ray, these two cases constituting thus far the only published plates of this kind, so far as I am aware, were included in Dr. Leonard's wonderful collection of stereoradiograms of the chest which he exhibited at Brussels in 1910. The wonderful results obtained by Leonard in stereoscopic work on the chest, which he kindly demonstrated to me in his private laboratory in the fall of 1910, led me to devote myself to the development of the possibilities of this method, as applied to the stomach, small intestines, and especially the colon, as a routine mnethod of examination. By December, 1910, I had succeeded in perfecting the stereoradiographic technique which has since been employed as a routine practice in the examination of the alimentary tract in the Rontgen Laboratory Electro-Therapeutical Section of the Battle Creek Sanitarium. With the improvements of the last year it is possible to complete the two plates in considerably less than a second, though such great haste is only required in cases where the stomach or small bowel is in rapid peristalsis. Slightly longer exposures may be permitted where the stomach walls are atonic and comparatively motionless, or fixed, as by indurations or adhesions, or in the study of the colon. Nevertheless, the greatest speed obtainable is desirable for all this work, the advantage being a more perfect stereoscopic effect.
The twenty-two reductions of stereoradiog-rams, which I have the honour of demonstrating to you, are representative of the work done in the R6ntgen Laboratory of the Battle Creek Sanitarium, a number of the cases being verified by operation by Dr. J. H. Kellogg. I regret that I am unable to present the original negatives, which are, of course, superior to the reproductions.
TECHNIQUE.
Gehler intensifying screens were used in every case, one being used in each of the two plate-holders. My purpose in employing the reinforcing screen is twofold: First, by cutting down the exposure to from i to 40 of a second, I am able to get perfect stereoscopic effect even in the presence of vigorous peristalsis; second, by reducing by ten times or more the strain upon the tubes incident to heavy currents I effect a considerable saving in tubes. This seems to me a very important point in the economics of the Rontgen laboratory. Even in lung plates I use the reinforcing screen, there being no perceptible graining, thanks to the excellent screens now obtainable. The increased speed permits absolutely perfect stereoscopic effect, and if one makes the exposures synchronous with the ventricular contractions, even the heart outlines are shown up clean-cut and distinctly. However, the chief value of this extra rapid stereoradiography of the chest is not that the heart may be shown up stereoscopically, but that the structures 4bout the lung root, Before making the second plate, I shift the tube a distance of 6 cuo. or a trifle less. I choose this distance rather than 6'5 or 7 cm. for the reason that observers with an interpupillary measurement of less than the distance the tube is moved have difficulty in successfully viewing the plates, whereas if the tube is moved slightly less than the interpupillary distance, the stereoscopic effect is secured without difficulty. I do not follow the table of Marie and Ribaut [15] , but, as advised by Snook, in a paper before the American Rontgen Ray Society, 1910, I use 6 cm. as a constant factor, and the tube is always moved this distance.
The anode-plate distance, for chest and abdominal work, is usually 65 cm.; that is, 35 cm. (the ordinary reading distance), plus the thickness of the body. The rule for determining the anode-plate distance in all our stereoradiography is to place the anode 35 cm. distant from the nearest point of the part radiographed. This anode-plate distance is carefully recorded. One must also carefully designate the right and left plates. I employ the automatic tube-shifting device of Snook, governed by a spring released by jerking a cord attached to the trigger. I prefer this arrangement rather than the use of a bi-anodal tube.
For changing the plate expeditiously I employ an automatic tunnelplate changer, also controlled by a spring and trigger device, attached to the same cord which shifts the tube. In many cases I employ a rotary plate changer devised by Snook. Both give excellent results. By means of an automatic device, which at my suggestion the Polyphos Company of Munich have built into our R6ntgen cinematographic installation, it is possible to still further reduce the time required for plate-changing. By this modification the apparatus of Rosenthal can be used either for cinematographic or stereoradiographic work. Lange, of Cincinnati, has also devised a special plate-changer for stereoradiography of the chest.
The stereoscopic effect may be enhanced in several ways, especially by the use of a small lead marker at the umbilicus and by the employment of sufficiently large plates to include points of comparison, to which the stereoscopic effect is due. For instance, in stomach work one is tempted, for the purpose of economizing, to use 10 by 12 plates instead of 11 by 14. It will be found that the improved stereoscopic effect of the larger-sized plates more than makes up for the extra expense. The presence of gas collections in the abdomen is really an advantage by still further improving the impression of perspective. The injection of air Electro-Therapeutical Section Case: Stereoradiography of the Alimentary Tract into the bowel is a simple means of improving the plasticity of the effect. In the same way, the introduction of oxygen into the bladder, or even into the renal pelvis, aids in giving the conception of depth to the picture. In viewing the stereoradiographs I prefer the mirror stereoscope of Wheatstone. The picture formed by the blending of the two images is more nearly life-size and life-like than with any available form of prism or lens stereoscope. In several of the London laboratories I have seen a type of the Wheatstone stereoscope which appears to be ideal. It permits one to view several pairs of plates in rapid succession, and each plate is adjustable separately in every possible direction. One must insist upon maintaining the eye-plate distance the same as the anodeplate distance-that is, the eyes must see what the tubes " saw," so to speak. Hence the necessity for recording the anode-plate distance, especially if any mathematical calculations are required.
The administration of bismuth oxychloride meals is carried out in the usual manner. For the clysma, I employ a gummy suspension of 90 grm. of bismuth in a litre and a half of warm water.' I always insist that the bowels should be emptied by a cleansing enema an hour or two before the examination. The clysma is used only when studying the morphology and relations of the colon; for the study of intestinal motility the bismuth meal is employed. In the majority of cases, with the patient lying flat on the back (hips not elevated), a litre of the nixture suffices to reach the coecum within two to four minutes; another half-litre makes the bowel shadow complete. I use an ordinary enema outfit, the receptacle being held a metre above the patient, and the tube being inserted into the rectum not more than 4 to 6 cm. The injection is always done under radioscopic control, as advised by Haenisch and Pfahler, and much valuable information is gained in this way.
OBJECTIONS.
The only objections which have been advanced against stereoscopic work are the alleged trouble and expense. The trouble is minimal with the shortened exposures and improved automatic apparatus of to-day. The expense is not so great as might be inferred from first glance. tn Case: Stereoradiography of the Alimentary Tract our laboratory the chief item of expense is not the plate account. Furthermore, there are several ways in which expenses may be diminished.
(a) Previous screen examination should be practised to make sure that the stomach or bowel is properly filled and that there is a likelihood that the stereo-plates will be helpful. (b) Barium sulphate may be substituted for the bismuth preparations, reducing this item of expense about thirty times. The barium sulphate may be used without fear, both for test meals and clysmata. (c) The use of the intensifying screen so greatly reduces the time of exposures that one may use the slower, less expensive grades of plates, and still do sufficiently rapid work. In our laboratory the expense of the two plates is now only about 30 per cent. more than the single plate had previously cost us. (d) In many instances two plates are made in any case: why not stereoscopically? Another objection advanced against stereoscopic work is that many people cannot see stereoscopically. In our experience this difficulty is not encountered nearly so often as the objectors would have us believe; and in those cases where difficulty is experienced in fusing the images upon the retina, a little help in the way of suggestions, starting with some simple plates, as of the hand or foot, in the great majority of instances soon ends in success. With the mirror stereoscope these troubles are less frequently encountered.
ADVANTAGES.
In considering the advantages of this method we must recall that the ordinary' Rontgen picture consists of a mere record of differences in density and distance, resulting in distorting and overlapping shadows.
In stereoradiograms, on the contrary,. made with proper technique and properly viewed, this distortion of images or shadows is entirely corrected. In truth the ordinary Rontgen plate cannot be called a picture; it is a mere flat record of shadows. But in the stereoradiogra.ph an altogether new element appears. Instead of a mere flat record of shadows of varying degrees of density, the meaning and significance of which must often be more or less a matter of inference, subject to a degree of obscurity and uncertainty, one sees solidity and perspective -the semblance of a real picture. The body becomes, instead of an opaque object, a mass of crystal in which are embedded the several densities in the range of vision, each seen as a semi-transparent object in its proper plane, its relative size and position, without distortion or displacement. One seems not merely to be looking at the object, but into it. The heart, the aorta, the bifurcation of the bronchi and the lace-like ramifications of the hilus shadow (seen in very rapid plates to the very periphery of the lung), the arch of the diaphragm, and in the abdomen the bismuth-filled stomach, colon and numerous other details, stand out as masses forming a marvellously striking and fascinating picture. In the study of the colon, particularly at the flexures and in the sigmoid region, and in the terminal ileum, the stereoscopic conception is most helpful. Diagnoses from ordinary plates, Wvhich might prove to be serious errors, are often corrected, apparent kinks often being shown to be well-rounded loops. Of course, the perfection of the picture varies with the different conditions which necessarily modify the definition of Rontgen plates.
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One of the most striking and surprising features of the stereoradiograph, and one of its most essential advantages, is the fact that it gives a picture from both sides of the object examined. By simple reversal of the plates in the stereoscope, the point of view is transferred to the opposite side of the object. Thus, if the exposures are made with the tube anterior, one may obtain not only a true stereoscopic antero-posterior view but also an almost equally valuable and informing pseudo-stereoscopic postero-anterior view. It is thus possible to determine with exactness the location and position of any object visible in the plate in relation to any other object.
The limits of this paper will not permit a discussion of the advantages of the stereoradiographic method in the study of the pathology of the chest. This subject has been fully and most ably presented in the published papers of Walsham, Leonard, Emil Beck, Wenckebach, Kennon, Dunham, Hulst, and others. The experience of our laboratory confirms the position strongly maintained by these writers-namely, that stereoradiographic plates afford more reliable data upon which to base a negative diagnosis than the ordinary plate, even when supplemented by a fluoroscopic examination. This is also equally true in relation to the early diagnosis of pulmonary tuberculosis. Leonard's studies on the displacements of the intrathoracic viscera in pulmonary tuberculosis would have been impossible without the aid of stereoradiograms. Dr. J. H. Selby, in charge of the Rontgen Laboratory at the Mayo Clinic, told me last September that they had made over 1,900 stereoradiograms of the chest in the preceding twelve months.
The examination of a few stereoradiograms of the alimentary tract will at once suggest numerous conditions in which the method must 84 Case: Stereoradiography of the Alimentary Tract render invaluable service. Among these may be especially mentioned: The course of the cesophagus and its relation to the aorta and the heart; the topography of the lower portion of the cesophagus and the cardiac orifice of the stomach; the contour of the diaphragm; the relation of the spleen and the gas-or bismuth-filled left flexure of the colon to the stomach; diaphragmatic hernia; subphrenic abscess, especially in its early stages; the form, position, and relations of the pyloric end of the stomach and the bulbus duodeni; the situation and relations of penetrating ulcers, especially when on the posterior wall of the stomach; the course and contour of the duodenum; the seat of obstruction in the small or large intestines, with special reference to kinks and adhesions in the terminal portions of the ileum; the course of fistulous tracts, either between contiguous portions of the stomach or intestine, or between the skin-surface and the bowel. In the study of the urinary tract, especially after collargol injection, stereoradiograms give the greatest possible amount of information.
As a means of conveying to the clinician to whom we are under obligations for the privilege of examining these patients a satisfactory conception of-the Rontgen findings, there is nothing superior to a pair of stereoradiograms to supplement the written reports, and when a patient must be impressed with a clear understanding of his condition the stereoradiograms are most helpful.
In conclusion, I wish to make it clear that in my presentation of the advantages of stereo-Rontgen pictures in the study of morbid conditions of the alimentary canal, I do not suggest this as a method which should take the place of the Rontgen screen examination; for it is evident that the stereoradiogram can only give a picture-a greatly improved picture, we may say-of the static condition of the parts examined, while the screen image gives a picture of the living organism in action. It is the invariable rule of our laboratory to make the screen examination in all cases of thoracic or abdominal disease, but supplementing it by the stereoradiographic plates where there is any likelihood that they will furnish additional information.
The surprising thing, however, is that the stereoradiograms often furnish valuable additional information when it is least expected. Now that the cinematograph has reached a considerable degree of perfection in its application to Rbntgenography, the greatest desideratum that still remains is perfection and simplification of means for the application of the stereoscopic principle to fluoroscopic examination. This was recognized more than twelve years ago by Sir Case: Stereoradiography of the Alimentary Tract James Mackenzie Davidson [4] , who devised an apparatus for this -purpose, and Reiniger, Gebbart and Schall [18] in 1902 announced a stereoscopic fluoroscope; but for practical purposes neither of these appliances came into general use. Howard Pirie [17] has recently revived interest in this method by his demonstration at the last meeting of the British Medical Association, and it is to be hoped that in the near future more general use may be made of stereoscopy for all kinds of examinations relating to the diagnostics of internal medicine.
